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Alzheimer's disease (AD) is a complex neurodegenerative disorder of multiple etiology.  It is a devastating dementia, correlated with a region specific neuronal cell loss. The complex neuropathology includes cortical atrophy, formation of neurofibrillary tangles, deposition of amyloid β peptide (Aβ) in senile plaques, synaptic loss, oxidative stress, metal deposition, and apoptosis and all these coupled events lead to the neuronal loss. Despite progress in uncovering many of the factors that contribute to the etiology of the disease, the cause of the nerve cell death still remains unknown. It is very well accepted that conformational changes in the proteins namely Aβ play an important role in the neurodegeneration of AD, however little is known about the DNA conformational alteration.  The changes in the genetic material of AD, so far documented are, i) mutations in genes, amyloid precursor protein (APP), presenilin-1 (PS-1) and presenilin-2 (PS-2), ii) shift in the DNA from a potentially transcribable euchromatic state to a condensed and probably heterochromatic state,  iii) oxidative damage as revealed by damaged products namely 8-OH Guanosine and 8-OH Cytosine and iv) genetic imbalance caused by the tetraploidy status of the genome by the way of unusual replication before the cell death . However there is no data on DNA topology in AD brain.  Hence the present study aimed to understand studies pertaining to DNA topology and A-DNA interactions in relevance to neurodegeneration in AD brain.




DNA Topology in AD brain

 Brain cells are very complex and have high level of gene expression, 3-4 times more than that found in liver and kidney.  In brain cells where the level of gene expression is very high, accumulated DNA damage may have serious consequences in terms of altering genomic integrity consequently affecting the transcriptional fidelity and ultimately the survival of the organism.  It was speculated that accumulated DNA damage in the brain might result in conformational changes in the DNA making it ineffective during transcription. Nevertheless the sequence and the DNA topology have been proposed to have 
a crucial role in DNA functional aspects like replication, transcription, and susceptibility of DNA for oxidative damage and mutations.  Extensive studies on handedness and various high ordered structures were studied for the oligonucleotides, but little is known about genomic DNA topology with respect to non Watson-Crick right-handed B-DNA forms, their functional ability and possible implications in the pathogenic features in the brain. 
	
Our study on genomic DNA isolated form the hippocampus region of the brain of AD affected patients revealed altered DNA conformation. Hippocampus was selected as it is one of the first brain regions affected in AD and is involved in the processing of short-term memory and spatial memory. The DNA was isolated form moderately affected (MAD), severely affected (SAD) AD brain and control aged (CA), and control young (CY) brain hippocampus. The Circular dichroism study revealed that SAD DNA showed a typical left-handed Z-DNA conformation whereas CY and CA brain DNA have the usual Watson-Crick B- DNA conformation. Interestingly, MAD DNA has modified B-DNA conformation (probable B-Z intermediate form). Immunochemical study with anti-Z-DNA IgG polyclonal antibody revealed that only the SAD DNA have the reactivity with the antibody, confirming left-handed Z-DNA conformation in SAD. The ethidium bromide binding pattern to DNA and melting temperature (Tm) profiles also revealed the conformational transition from B to Z- DNA in SAD brain. Agarose gel studies of CY and MAD DNA did not show any fragmentation. Both CA and 


SAD DNA were fragmented as evidenced by their smear migration pattern. It is interesting to mention that even though there is no difference between CA and SAD DNA as both of them have smeared pattern, EtBr staining is faint for SAD DNA. And this is due to its Z-DNA conformation. The conformational alteration has also been seemed to follow the disease progression as MAD has B-Z intermediate form and SAD has Z-DNA form.   The study was also extended to DNA isolated from other regions of the brain, superior frontal gyrus and parahippocampal gyrus, which are also shown to be implicated in the AD. However no conformational alteration in DNA was observed in these two regions. The results reveal that the conformational alteration seems to be region specific. Estimation of DNA single strand (by Nick Translation assay) and double strand breaks (by Terminal transferase assay) in the three regions of the control and AD brain revealed more breaks in hippocampus. The topological change in DNA,  particularly the B to Z-transition in the hippocampus, will have tremendous implications in the functional biology of the brain cells e.g.  transcription, replication and recombination. Based on the above results we hypothesized that AD etiological factors such as like Aβ, phosphorylated tau, metals and oxidative stress might play role in the conformational transition.  AD specific proteins like Aβ and phosphorylated tau are lysine rich and studies have shown that lysine rich proteins favor the conversion of BZ DNA transition. Tau was reported to bind to and stabilize the DNA. We investigated the A binding to DNA. 

Amyloid  (A) peptide DNA interaction

A, a hallmark feature of the senile plaques, is a proteolytic product of the transmembrane amyloid precursor protein. Evidence implicates a central role for A in the pathophysiology of AD.  According to the amyloid cascade hypothesis, the accumulation of A deposits as amyloid plaques in the patient’s brain is the primary event in the pathogenesis of AD.  Under pathogenic conditions, the transition from a random coil to a -sheet conformation in -amyloid peptide causes deposits of the amyloid fibrils. The apparent role of A, especially A (1-
42) (the number in the bracket indicates the number of amino acids of the amyloid precursor protein sequence) is now considered as a unifying pathological feature of diverse forms of AD. In vitro studies have shown that A (1-42) rapidly aggregates into fibrils and that extracellular fibrillar A peptides induce apoptosis in cultured neurons. On the other hand, recent reports have demonstrated intraneuronal accumulation of A (1-42) in AD vulnerable regions.  Intraneuronal A (1-42) accumulation has also been reported in transgenic mice expressing familial AD proteins. In the present study, we provided new evidence for A immunoreactivity in the nucleus of apoptotic hippocampal cells of AD brain.  Based on the evidence for nuclear localization of A in AD brain, we hypothesized that A might play a role in modulating DNA topology and possibly contribute to the BZ-DNA helical transition associated with AD. 

In the present study, we evidenced that the Aβ binds to supercoiled DNA (scDNA).   Further A (1-42) not only binds to scDNA but also is able to alter the superhelicity of DNA.   An initial BC transition was observed which gradually transformed into -DNA, presumably reflecting a partial DNA collapse into a -phase.   In -DNA, the DNA molecules are tightly packed in to toroidal superhelical bundle whose chiral sense is defined by the intrinsic DNA handedness.   Specifically, the right-handed secondary conformations such as the B-DNA and C-DNA motifs stabilize a left-handed tertiary conformation. The -DNA conformation induced by A (1-42) is structurally closer to Z-DNA, which was observed in SAD brain. This evidently indicates that DNA topological change induced by A is similar to the change seen in AD brain DNA.  Other A peptides like A (1-16), A(1-28) andA (1-40) caused modified DNA forms in sc DNA. Our study also provided intriguing observation of the sequence specificity of the A peptide binding. The A peptides showed preferential binding to AT rich sequences (poly d(AT) (AT)) and caused BA DNA transition. A (25-35), the hydrophobic region of A (1-42) and another potent neurotoxic A fragment has been shown to aggregate the sc DNA. Hence the results are novel interms of their DNA binding property. 




Amyloid induced DNA damage: New toxic role

The proposed mechanisms for neurotoxicity for A are diverse and there is no unifying mechanism for the toxicity and one of the mechanisms proposed was induction of apoptosis.   Under in vitro conditions A (1-42) is reported to be capable of inducing apoptosis in cultured cortical neurons. Neuronal cells treated with A exhibit morphological and biochemical characteristics of apoptosis, including membrane blebbing, compaction of nuclear chromatin and internucleosomal DNA fragmentation. Interestingly studies also suggested that 
A exert its toxic effect via activation of transcription factors. Studies also correlated between the DNA damage and amyloid deposits however the mechanism remains unclear.

             Recent debate with in the AD community has focused on whether fibrillar (amyloid) or soluble oligomers of A are active species of the peptide that ultimately cause the synaptic loss and dementia associated with AD.  Studies suggest that A-dependent toxicity can occur before significant extracellular accumulation; possibly involving soluble intracellular A forms. 

Our study provided fundamental contribution that A peptide (1-42) could cause DNA damage directly. Agarose gel studies reveal that A (1-42) caused open circular and linear form of DNA in sc DNA by inducing single strand and double strand breaks. Transmission Electron Microscopic (TEM) study also revealed formation of open circular and linear of sc DNA induced by A peptide (1-42). Time dependent DNA nicking of A (1-42)  revealed that the soluble forms of A (corresponding to low thio T binding) are more toxic than the fibrillar forms of A  (1-42) (corresponding to high thio T binding). Further metal ions Mg and Ca which solubilize the aggregated A enhance DNA nicking ability leading to the hypothesis that soluble forms of A are more toxic than the aggregated forms.  Zn metal ion which is shown to promote the aggregation of the A did not have any effect of DNA nicking of A. The DNA nicking was also shown by other A peptides having different amino acid lengths like A (1-16), A (1-28), A (1-40) and A (1-43). However there exists subtle differences in the DNA nicking caused various peptides and are differentially modulated by metals.  DNA nicking of A was inhibited by aurintricarboxylic acid (ATA), a potent nuclease inhibitor. We propose based on the enhancement/inhibition of DNA nicking by metals and ATA respectively that histidine residues are implicated in the DNA nicking activity. Both metals and ATA bind to histidine residues. ATA prevents the formation of the protein-DNA interaction thereby inhibiting the DNA nicking. Metals by binding to histidine residues might result in solubilization of the A and enhance toxicity. 
The results evidenced a new toxic role of A in terms of its direct DNA nicking activity and there by it alters the helicity of sc DNA.  Our finding of DNA nicking activity of A peptides has biological significance in terms of causing DNA damage. 


In a nut shell the study provides the following contributions.

	Evidenced topological change in genomic DNA in the hippocampus region of AD brain.
	Shown Nuclear localization of A in the nucleus in AD affected apoptotic hippocampal neurons.
	A binds to supercoiled DNA and causes helicity change.
	Provided an evidence on DNA nicking in terms of single strand and double strand breaks by A peptides.

The relevance of the above findings in understanding the neurodegeneration in AD have been discussed in the thesis. 
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